Previous researchers have documented various zoonotic organisms being carried by community dogs resulting in the suggestion that dogs may play a role in the human disease burden (Currie, 1995; Shield, 1992; Wilks, 2000) . The effect of resultant dog health programmes on Aboriginal health has been the focus of considerable debate. The main concern is that Aboriginal health funding is redirected to dog health under the assumption that improving dog health will improve community health (Currie, 1995) . The debate was largely extinguished in the Northern Territory following the research conducted by Walton et al. (1999 Walton et al. ( , 2004 , that used microsatellite typing to show that scabies mites from dogs and humans group separately in a phylogenetic dichotomous tree which they suggested demonstrated separate transmission cycles. The ramifications of this have been that many communities are now under the impression that dogs pose no significant public health risks. Several reviews have been published trying to assess this risk, but none have explained their methods, nor critiqued the research using a specified system (Currie, 1995; Gaskin, Bentham, Cromar, & Fallowfield, 2007; Raw, 2001) . Zoonotic and public health literature reviews have been scrutinized for their lack of methodological soundness in review techniques, because they are more likely to contain bias or errors (Waddell et al., 2009 ).
Therefore, despite over 40 years of research, we present here the first critical review of canine zoonoses in Australian Aboriginal communities, using a systematic methodology.
The aim of this study was to provide the public health audience with a summary of zoonotic organisms that have been found in dogs and humans within Aboriginal Australian communities, their zoonotic potential and their importance to the human disease burden based on evidence and methodological soundness. Through this review, we better assess the public health risks that dogs pose in Aboriginal Australian communities.
We identify directions for future high-quality, evidence-based research to address current gaps in knowledge. Our recommendations differ significantly from current public health policy and have substantial implications for human and dog health.
| METHODS

| Literature search strategy
A database search of several public health, medical and veterinary databases including Medline, Web of Science, Embase, Scopus, Biosis reviews, APAIS Health, CINAHL, Zoological record, CABI Abstracts, EBM Reviews was undertaken using combinations of the words, "zoonoses" OR "zoonotic" OR "disease" OR "parasites" AND "dogs" AND "Australia" AND "Aboriginal". Frequent authors were also searched, and searches through the reference lists of eligible papers were also studied and included if eligible.
| Selection of articles for review
Database searches returned 43 articles, and a further nine articles were retrieved by studying the reference lists of all papers and searching for common authors. Of these, 19 articles were eligible for inclusion. These articles have been summarized in Appendix S1. Only articles that were consistent with the aim and were published in peerreviewed journals were eligible for inclusion ( Figure 1 ).
| Exclusion criteria
A checklist was developed and papers excluded if:
1. They did not contain any zoonotic information pertaining to dogs (or did not distinguish between companion animals).
2.
They did not contain any information about an organism recognized as a zoonosis. (However, research was included if the organism's ability to cause disease in humans was still unknown).
3.
The main aim was to test the efficiency of a microbiological technique.
4.
They did not describe their methods of research.
5.
They did not specify whether the research pertained to Aboriginal people or dogs from their communities (or a location commonly known as an Aboriginal community).
| Critiquing tools
Appendix S2 illustrates how included articles were critiqued using the Crowe Critical Appraisal Tool (CCAT) (Crowe & Sheppard, 2011) .
Briefly, the CCAT is an appraisal tool that allows reviewers to evaluate a paper by dividing it into categories and scoring each category out of five based on descriptors. There are a total of eight categories;
1. Preamble (Title, Abstract and text overall).
Introduction (Background and Objective).
3. Design (Research design, measure, bias).
4.
Sampling (method, size, protocol).
Data collection (method, protocol).
Ethical matters (participant ethics and researcher ethics).
7.
Results (analysis, integration, interpretation, outcome).
Discussion (interpretation, generalization, conclusion).
Impacts
• This critical review of over 40 years of published research reveals a lack of high-quality comparative studies to determine whether dogs are contributing to human disease in Aboriginal communities.
• The aim of this study was to provide the public health audience with a summary of zoonotic organisms that have been found in dogs and humans within Aboriginal Australian communities.
• A better understanding of the epidemiology of zoonotic diseases is essential to direct health care funding where it is most needed Two reviewers used the Crowe critical appraisal tool to systematically summarize the strengths and weaknesses of each study by following the above criteria. Reference was made to Dohoo, Martin, and Stryhn (2003) and Lewis-Beck, Bryman, and Liao (2004) for information regarding sampling and research design.
| Ethical matters
Ethics approval was not required for this review as there was no human or animal intervention. The authors state there are no conflict of interests or funding sources to be declared.
| RESULTS
The majority of research in this area is not recent (i.e. many papers with large sample sizes were published before 1994). Most studies were opportunistic, had small sample sizes and did not compare pathogens in humans with those in dogs. The few comparative studies almost never compared dogs and people from the same household.
Furthermore, the pathogenicity of many of the organisms found has not been determined.
Of the 19 papers included in the review, six were short contributions (Hii et al., 2011; Jenkins & Andrew, 1993; Lee & Hampson, 1996;  Meloni, Lymbery, Thompson, & Gracey, 1988; Thompson, Meloni, Hopkins, Deplazes, & Reynoldson, 1993) . We did not find any eligible papers prior to 1974 with the bulk of studies undertaken between 1990 and 2000. Papers were published in medical, veterinary, public health and parasitology journals. The majority were in medical journals; however, after 2000, this shifted to parasitology. Four papers determined the prevalence of a wide range of parasites (Jenkins & Andrew, 1993; Meloni, Thompson, Hopkins, Reynoldson, & Gracey, 1993; Shield et al., 2015; Thompson, Meloni, et al., 1993) . The remaining 15 papers targeted 12 zoonotic organisms (Table 1) .
Two reviewers using CCAT appraisal methods were often in agreement on scores and differed by only 1 or 2 points occasionally (See Appendix S2 for averaged results). Most papers received a low score for design, sampling, data collection and ethical matters.
| Design and sampling
Only five of 19 articles described the research design of the study albeit briefly (Hopkins et al., 1997; Meloni et al., 1993; Schrieber, Towers, Muscatello, & Speare, 2014; Walton et al., 1999 Walton et al., , 2004 . Five were purely observational and documented the presence of zoonotic organisms in dogs only (Hii et al., 2011; Jenkins & Andrew, 1993; Lee & Hampson, 1996; Palmer et al., 2007; Thompson, Meloni, et al., 1993) . Thirteen also examined samples from humans to see whether disease transmission had occurred.
The most renowned comparative studies conducted on possible transfer of zoonotic organisms from dogs to people in Aboriginal communities are those of Walton et al. (1999 Walton et al. ( , 2004 . The studies included a large number of scabies mites but a limited number of hosts, 16 people and 17 dogs. Within-household comparisons were only applicable to mites from a four-week-old baby and three puppies. The results of these studies are discussed further on in this paper. Welch and Dobson (1974a) conducted research to assess the prevalence of antibodies to the dog heartworm, Dirofilaria immitis in Crossing and Jarvis Bay were also found to have morphologically similar spirochaetes in their faeces to humans (Lee & Hampson, 1996) .
Multilocus enzyme electrophoresis of spirochaetes isolated from a dog with diarrhoea was closely related genetically to spirochaetes recovered from Aboriginal children with whom the dog lived (Lee & Hampson, 1994) . Kaminski and Green (1977) conducted a large-scale study on the prevalence of Tinea capitis in Aboriginal communities. In the community of Maningrida, they found that 25.3% of children with tinea capitis were due to the "Maningrida" type variant of Microsporum canis. This variant was also found in four cats and two dogs in the community. Schrieber et al. (2014) reported the finding of an identical strain of Streptococcus dysgalactiae subsp. equisimilis (SDSE), also known as group G and C streptococci, in the throat of a child and their dog. This study specifically used samples from a human and a dog from within the same household.
The only other study we could find that conducted comparative studies on potentially zoonotic organisms isolated from dogs and people in Aboriginal communities was that of Schnagl, Holmes, & Mackay-Scollay, 1978) The sample sizes for five papers Shield et al., 2015; Thompson, Meloni, et al., 1993; Welch & Dobson, 1974b; Welch, Dobson, & Freeman, 1979) were considerable, providing precise estimates of prevalence in dogs in the Kimberley region Thompson, Meloni, et al., 1993) , various locations around Queensland (Welch & Dobson, 1974b) , Central Australia (Welch et al., 1979) and Arnhem Land (Shield et al., 2015) . Two papers were from the same study, although considered different organisms Thompson, Meloni, et al., 1993) . The prevalence of Toxocara canis and Dirofilaria immitis differed markedly among locations, highlighting the need for dog control and education programmes to be targeted towards the risks faced by each community.
T A B L E 1 Number of published papers according to zoonotic organism and symptoms recorded in people The study by Jenkins and Andrew (1993) Walton et al. (1999) stated that the human-derived scabies mites and the dog-derived scabies mites in the same Aboriginal community had different transmission cycles based on them grouping in separate clusters within a phylogenetic dichotomous tree. However, a re-analysis of the data using reticulated networks rather than dichotomous trees to represent the evolutionary history of S. scabiei in the Aboriginal community showed that both human-to-human and dog-to-human transmission cycles occur and that both are important for control programmes (Morrison, 2005) . Therefore, the method of analysis can significantly affect interpretation of results. In this case, failure to consider reticulate evolution led to an important zoonotic transmission pathway being overlooked.
| Ethical matters
| Sarcoptes results
| DISCUSSION
The continuing health disparities seen between Indigenous and nonIndigenous Australians are often related to socioeconomic factors and the harsh living conditions experienced within rural and remote Indigenous communities. Some of these health issues could be attributed to canine zoonotic diseases due to the presence of large free- Trichophyton rubrum was reported to be responsible for the most common endemic ringworm cases (Green & Kaminski, 1973; Koh et al., 2003) . Kaminski and Green (1977) 
| Scabies
Scabies is a debilitating skin condition in Aboriginal communities The studies conducted by Walton et al. (1999 Walton et al. ( , 2004 have been used as evidence of a lack of zoonotic transmission of the scabies mite. However, re-analysis of the data using more appropriate methods showed that dog-to-human transmission occurred multiple times and was an important component of the epidemiology of human scabies (Morrison, 2005) . Given this and the above evidence from other studies, the conclusions of Walton et al. (1999 Walton et al. ( , 2004 that "control programmes for human scabies in endemic areas do not require resources directed against zoonotic infection from dogs," are incorrect. Successful mitigation of the effects of scabies in Aboriginal communities must include the control of sarcoptic mange in dogs. an infected dog, the primary host, picks up the microfilariae where they undergo two moults to L3 stage. The mosquito transmits infective larvae (L3) when it subsequently feeds on a human, the secondary host. In the dog, the larvae mature in the muscle sheath, subcutaneous and adipose tissue to L5 stage and the immature adults migrate to the heart and pulmonary artery where they mature to adults. A similar transmission pattern has been proposed for humans where adult nematodes are eventually washed into the pulmonary artery and become lodged in the lungs causing pulmonary nodules (Narine, Brennan, Gilfillan, & Hodge, 1999) . These pulmonary nodules have been mistaken for tuberculosis and metastatic tumours (Narine et al., 1999; Ro et al., 1989) . Aboriginal people have extremely high rates of tuberculosis with 6.2 cases per 100,000 population in 2008 versus 0.9 cases per 100,000 population of non-Indigenous people born in Australia (Barry, Waring, Stapledon, & Konstantinos, 2012) . In 1974, Welch and Dobson (1974b) (Welch & Dobson, 1974b) .
| Respiratory infections
| Toxocara canis
Although classically associated with ocular and visceral larva migrans, Toxocara infection is now known to manifest more commonly as non-classic or covert toxocariasis where clinical signs include wheezing and asthma, pulmonary infiltrates and eosinophilia (Feldman & Parker, 1992; Sharghi, Schantz, & Hotez, 2000) . Welch et al. (1979) reported T. canis in about 75% of dogs from most areas in Queensland.
Although a recent national study found a low prevalence of T. canis in domestic dogs in veterinary clinics and refuges (1.2%) (Palmer, Thompson, Traub, Rees, & Robertson, 2008) , a recent wild dog survey, which may better reflect the zoonotic risk from free-ranging community dogs, reported prevalences of 46% (Smout, Thompson, & Skerratt, 2013) . Mizgajska (2001) concluded that the prevalence of human toxocariasis is proportional to soil contamination with infective eggs of Toxocara spp. Shield et al. (2015) found 21% of people seropositive for T. canis in their studies in Arnhem Land in the mid 1990s.
Toxocariasis is now being heralded as the most common human parasitic worm infection in the United States, and with its high prevalence in developing countries, it is considered that its global importance may be greatly underestimated (Hotez & Wilkins, 2009 ).
| Gastroenteric infections
| Giardia
Giardia duodenalis (syn Giardia intestinalis; G. lamblia) is the most common intestinal parasite of humans in developed countries (Thompson, 2000) . The highly variable symptoms of giardiasis include persistent diarrhoea, abdominal pain and rapid weight loss . It is now commonly thought that although dogs can carry strains of Giardia which are potentially infective to humans, transmission mainly occurs among humans (Hopkins et al., 1997; Robertson & Thompson, 2002) . In support of this Hopkins et al. (1997) found differences in genotypes of Giardia isolated from 13 Aboriginal people from Fitzroy Crossing and nine dogs that had been culled from the same area. They found that the samples separated into four different genetic groups. All of the human and three dog isolates were contained in groups 1 and 2, while groups 3 and 4 consisted entirely of Giardia samples from dogs. In contrast, Traub et al. (2004) studied zoonotic Giardia transmission in a remote community in India and found that Giardia isolates derived from dogs were placed within the human genetic groupings. Furthermore, humans residing in a house that owned dogs and where one dog was infected with Giardia were significantly more likely to be infected, than humans that did not have a dog or a dog infected with Giardia.
In addition, genetically identical isolates were found in dogs and humans from the same household in two cases. Together, these are taken as strong evidence in support of the potential for zoonotic transmission.
The contrasting results seen between the Aboriginal and the Indian communities may be because dogs from Aboriginal communities experience a higher level of interaction with other dogs and have less opportunity to eat human faeces (Traub et al., 2004) . Giardia isolates are prone to competitive exclusion, enabling selection of hostspecific Giardia assemblages (Thompson, 2000) . It is also possible that the source of dog samples within the Aboriginal study is biased and may therefore be masking zoonotic transmission. According to Hopkins et al. (1997) , the dog isolates used in the study were retrieved from culled dogs from the same area as the human participants (n = 9).
However, there is nothing to suggest that the dogs used in the study were from the same household as human participants or that the dogs were owned by anyone. Generally, dogs that are euthanased by councils are unhealthy, stray dogs. Sampling from the stray/wild dog population might bias the result because the major form of Giardia transmission, dog to dog, would predominately select for dog-specific Giardia assemblages. Further research is required to ascertain the potential and frequency of zoonotic transmission of Giardia from dogs to their owners in Aboriginal communities. Palmer et al. (2007) investigated the public health significance of hookworms in Australia and found that Ancylostoma caninum, the dog hookworm, had the highest prevalence (14%) in Aboriginal communities. It is interesting to note that with such a high incidence of A.
| Ancylostoma spp.
caninum in communities, we did not recover any reports of eosinophilic enteritis. An Australian study implicated A. caninum as the leading cause of human eosinophilic enteritis (Prociv & Croese, 1990) .
It is possible that this disease is masked by other health issues in
Aboriginal communities.
The detection of Ancylostoma ceylanicum for the first time in Australia in 10.9% of domestic dogs found positive for hookworm (Palmer et al., 2007) and in Australian wild dogs (Smout et al., 2013) warrants further investigation given this parasite's potential to infect dogs and cats and cause a patent infection in humans (Inpankaew et al., 2014; Ngui, Lim, Traub, Mahmud, & Mistam, 2012) . Koehler et al. (2013) recorded the first two cases of A. ceylanicum in humans in
Western Australia and suggest, as there was no record of travel outside of Australia, the infection was autochthonous and derived from dogs or cats.
| Rickettsia felis
R. felis, the agent of fleaborne spotted fever in humans, is typically transmitted through the bite of an infected cat flea (Ctenocephalides felis). Clinical infection ranges from fever, headaches, chills, muscle aches, joint pain and possible eschar at the bite site to a more severe, multisystemic disease as a result of a widespread vasculitis (Maina et al., 2012; Teoh et al., 2016) . Molecular techniques have been used to identify R. felis infection in cat fleas from multiple sites in Western Australia (Schloderer, Owen, Clark, Stenos, & Fenwick, 2006) . Williams, Izzard, Graves, Stenos, and Kelly (2011) reported R. felis infection in two adults and three children from Victoria.
Previously, many infections in Australia may have been misdiagnosed as murine typhus as serological diagnosis was not specific and was typically confounded by cross-reactivity with typhus group rickettsiae (Teoh et al., 2016) . Dogs are often infested with cat fleas, and infected dogs can appear physically healthy, which may be characteristic of reservoir hosts of R. felis (Hii et al., 2011) .
Further study is needed to determine the pathogenicity of this infection in dogs. reported that coronavirus-like particles were equally prevalent in humans with or without symptoms of diarrhoea.
The proportion of children who excreted the viral particles increased with age. Viruses found in humans and dogs were indistinguishable morphologically . The authors concluded that
given there are few reports of canine enteric coronaviruses it is difficult to gauge how widespread and important they are, not only as a health risk to dogs, but also to humans . Lee and Hampson (1992 , 1994 , 1996 investigated intestinal spirochaetes in faecal samples of humans, pigs and dogs. Although they are found more commonly when diarrhoea is present, their pathogenicity is still largely unknown. Spirochaetes are possibly commensal organisms of the intestine that are flushed out during bouts of diarrhoea (Leach, Lee, & Stubbs, 1973 
| Intestinal spirochaetes
| Recommendations
Identifying all factors including those of the shared environment that may or may not contribute to disease is extremely important to the improvement of health outcomes for Aboriginal Australians. This review has revealed that there have not been enough high-quality comparative studies to determine whether dogs are contributing significantly to the disease burden of Aboriginal communities by transmitting zoonoses.
Aboriginal health researchers have expressed concern that further research into canine zoonoses may result in government funding being shifted from child health to fund dog health programmes, irrespective of the evidence of whether it will substantially benefit the health of Aboriginal children (Currie, 1995) . It is outside the scope of this paper to predict future funding decisions and distribution of resources.
However, we believe that we have shown that there is insufficient scientific evidence to prove that zoonotic transmission is not important.
There is evidence that zoonotic transmission is occurring with S. scabiei being transmitted from dogs to people. A coordinated approach is necessary and dog health should be added to the list of potentially hazardous environmental issues to be addressed within Aboriginal as that of Wilks and Williamson (1998) , but the results of these studies could not be found in peer-reviewed journals and may result in research being repeated in an already over-researched Aboriginal population.
In addition, the small amount of comparative studies conducted almost never included people and dogs from the same household.
Studies which only used culled dogs for isolates are not always reliable as most are stray dogs with minimal human contact. While it can be assumed that funding constraints make it difficult to invest time in building relationships and employing local Aboriginal research assistants and research candidates, the benefits of local knowledge would far outweigh these issues and ensure an accurate sample of the community as a whole, improving the quality, extent and impact of research results.
Canine zoonotic organisms that still need to be studied in Current public health approaches to helminth infections are directed at investigating anthroponotic routes of infection (Crompton, Montresor, Nesheim, & Savioli, 2003) . Whereas addressing zoonotic origins may be more appropriate. Identification of human parasitic infections such as Trichuris trichiura using egg morphology alone may be inadequate and may have previously led to cases of misidentification due to morphological similarity to T. vulpis (Dunn, Columbus, Aldeen, Davis, & Carroll, 2002) . The recent findings of A. ceylanicum in dogs (Palmer et al., 2007) , dingoes (Smout et al., 2013) and humans (Koehler et al., 2013) in Australia should ensure caution is used when diagnosing infections such as A. duodenale in humans. The development of advanced, PCR-based techniques allows for differentiation between hookworm species using DNA isolated from eggs in faeces and soil (Traub, Inpankaew, Sutthikornchai, Sukthana, & Thompson, 2008) and enables a better understanding of the epidemiology of A.
ceylanicum infection (Smout et al., 2013) .
To achieve the most from further research, it would be wise to invest time in the Aboriginal community, communicate with relevant community groups and workers and employ Aboriginal locals (such as the animal management worker) on the project team. The establishment of early contact with community based health services can result in collaboration with Aboriginal health workers and other research projects that may already be underway in the community. It is extremely important to conduct comparative studies using samples from dogs and humans from the same household, along with samples from the stray/wild dog population. Samples from both necropsied and live animals would be ideal. And finally, it is imperative that results are published in peer-reviewed journals for the benefit of everyone involved, present and future.
